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bjectives The purpose of this study was to perform a head-to-head comparison of plaque obser-
ations with multislice computed tomography (MSCT) to virtual histology intravascular ultrasound
VH IVUS).
ackground The VH IVUS allows in vivo coronary plaque characterization with high spatial resolu-
ion. Noninvasively, plaques may be evaluated with MSCT, but limited data are available.
ethods A total of 50 patients underwent 64-slice MSCT followed by VH IVUS. The Agatston score
as evaluated on MSCT in coronary segments where IVUS was performed. Plaques were classiﬁed
n MSCT as noncalciﬁed, mixed, and calciﬁed. Four plaque components (ﬁbrotic, ﬁbro-fatty, and ne-
rotic core tissues and dense calcium) were identiﬁed on VH IVUS, and the presence of thin-cap ﬁ-
roatheroma was evaluated.
esults A moderate correlation was observed between the Agatston score and calcium volume on
H IVUS (r  0.69, p  0.0001). In total, 168 coronary plaques were evaluated (48 [29%] noncalci-
ed, 71 [42%] mixed, 49 [29%] calciﬁed). As compared with calciﬁed plaques, noncalciﬁed plaques
ontained more ﬁbrotic (60.90  9.21% vs. 54.60  8.33%, p  0.001) and ﬁbro-fatty tissues (28.11
13.03% vs. 21.37  9.75%, p  0.006) on VH IVUS. Mixed and calciﬁed plaques contained more
ense calcium (7.61  8.94% vs. 2.68  3.01%, p  0.001; 10.18  6.71% vs. 2.68  3.01%, p 
.0001, respectively). Thin-cap ﬁbroatheromas were most frequently observed in mixed plaques as
ompared with noncalciﬁed and calciﬁed plaques (32%, 13%, 8%, p  0.002, respectively).
onclusions A good correlation was observed between calcium quantiﬁcation on MSCT and VH
VUS. In addition, plaque classiﬁcation on MSCT paralleled relative plaque composition on VH IVUS,
lthough VH IVUS provided more precise plaque characterization. Mixed plaques on MSCT were as-
ociated with high-risk features on VH IVUS. (J Am Coll Cardiol Intv 2008;1:176–82) © 2008 by the
merican College of Cardiology Foundation
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177uring the last decade, multislice computed tomography
MSCT) coronary angiography has rapidly matured into a
echnique that could be used as an alternative imaging modality
o detect coronary stenoses in patients with suspected coronary
rtery disease (CAD). Moreover, the technique allows direct
isualization of coronary plaques, in contrast to conventional
oronary angiography. Accordingly, MSCT may also have the
otential to provide information on plaque composition in
ddition to the degree of stenosis (1–4). Indeed, Schroeder
t al. (4) showed that in comparison with grayscale intra-
ascular ultrasound (IVUS), differentiation between noncal-
ified, intermediate, and calcified plaques is possible on
SCT based on the differences in the average plaque signal
ntensity. Moreover, MSCT observations may be different
mong various clinical presentations. For example, a lower
revalence of completely calcified plaques on MSCT was
emonstrated in previous studies in patients presenting with
cute coronary syndromes (5–7).
See page 183
Potentially, more detailed information on plaque compo-
ition could be derived from virtual histology IVUS (VH
VUS). This technique has recently been introduced as a
ovel IVUS modality. This invasive imaging technique
llows accurate in vivo evaluation of 4 coronary plaque
omponents, namely fibrotic, fibro-fatty, and necrotic core
issues and dense calcium (8). Indeed, as compared with
istopathology, VH IVUS allowed detection of the necrotic
ore with a predictive accuracy of 88.3%, whereas the
ccuracy to detect regions of dense calcium, was as high as
6.5% (8). In addition, differences in plaque composition
ave been demonstrated in different clinical settings using
his technique. In patients presenting with acute coronary
yndromes, the amount of necrotic core tissue and the
ensity of thin-cap fibroatheromas (TCFA) (features that
re associated with high risk of plaque rupture) were shown
o be significantly higher as compared with patients with
table CAD (8–10).
As a consequence, VH IVUS could provide more insight
nto plaque composition on MSCT. In addition, it is
nclear which coronary plaques on MSCT may represent
esions with high-risk features. However, no systematic
omparisons between MSCT and VH IVUS are currently
vailable. Accordingly, the purpose of the study was to
erform a head-to-head comparison of coronary plaque
omposition as determined by MSCT to VH IVUS. With
egard to plaque classification, we expected to demonstrate
fair relation between plaque type (noncalcified, mixed, or
alcified) as determined by MSCT versus relative composition
s determined by VH IVUS. However due to the higher spatial
esolution of VH IVUS, we expected to observe more details
n VH IVUS. Finally, noncalcified and mixed lesions on DSCT appear to occur more frequently in unstable conditions,
nd therefore, we expected noncalcified and mixed plaques to
e related to high-risk features on VH IVUS.
ethods
atient population and study protocol. In total, 50 patients
cheduled for conventional coronary angiography based on
linical presentation were prospectively included in the
tudy. All patients underwent 64-slice MSCT coronary
ngiography, followed by invasive coronary angiography in
ombination with VH IVUS. Noninvasive and invasive
xaminations of coronary plaques were performed within 1
onth. The clinical history of the patients was evaluated
rior to conventional coronary angiography to ensure that
o acute coronary events or worsening of angina occurred
etween examinations.
Only patients without contraindications to MSCT and
VUS were included in the study. Exclusion criteria for
SCT were (supra)ventricular arrhythmias, renal insuf-
ciency (serum creatinine 120 mol/l), and known
llergy to iodine contrast me-
ia. Exclusion criteria for IVUS
ere severe vessel tortuousness
r occlusion.
The study protocol was ap-
roved by the local ethics com-
ittee and informed consent was
btained from all patients.
SCT
ata acquisition. The 64-slice
SCT coronary angiography was performed using a Toshiba
quilion (Toshiba Medical Systems, Tokyo, Japan) scanner.
irst, a coronary calcium scan without contrast was obtained,
ollowed by 64-slice MSCT coronary angiography performed
uring electrocardiographic gating and the administration of
onionic contrast at 5 ml/s according to the protocol as
escribed previously (11). If the heart rate was65 beats/min,
dditional oral beta-blockers (metoprolol, 50 or 100 mg, single
ose, 1 h prior to the examination) were provided if tolerated.
fter acquisition, the data were reconstructed and transferred
o a remote workstation for post-processing. When extensive
oronary calcifications were present, sharp reconstruction algo-
ithms were used to reduce partial volume effects of coronary
alcium.
ata analysis. Data were evaluated using a remote worksta-
ion with dedicated software (Vitrea 2, Vital Images,
innetonka, Minnesota, or Advantage, GE Healthcare, Mil-
aukee, Wisconsin). The MSCT angiograms and calcium
cans were evaluated by 2 experienced observers who were
naware of the clinical characteristics and the IVUS findings.
Abbreviations
and Acronyms
CAD  coronary artery
disease
MSCT  multislice
computed tomography
TCFA  thin cap
fibroatheroma
VH IVUS  virtual histology
intravascular ultrasoundisagreements were immediately resolved in consensus. First,
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178oronary artery calcium score was assessed in each coronary
egment. For this purpose, side branches and coronary ostia
ere used as landmarks, and the contrast-enhanced images
ere viewed for verification of the segmentation. In addition,
he intra- and interobserver agreement of calcium scoring on a
egmental basis was evaluated. For the intraobserver agreement
nalysis, the same observer remeasured segmental coronary
alcium scores after 2 months. The difference between the
easured calcium scores was calculated for each segment. The
ean difference for all measurements was calculated to express
he intraobserver agreement. For the interobserver agreement
nalysis, a second observer remeasured the segmental coronary
alcium scores. For each segment, the difference between these
easurements by the 2 observers was calculated. The mean
ifference was used to express interobserver agreement.
Subsequently, the presence of coronary plaques was visually
valuated on the contrast-enhanced coronary angiograms using
xial images and curved multiplanar reconstructions. Coronary
laques were defined as structures 1 mm2 within and/or
djacent to the coronary artery lumen, which could be clearly
istinguished from the vessel lumen and the surrounding
issue, as previously described (2). Side branches and coronary
stia were used as landmarks to define the location of plaques
n the arteries. After localization of a coronary plaque, the start
nd the end positions were visually identified and verified
ccording to the criteria mentioned above. In cases when
therosclerosis was diffusely present over the entire course of
he artery, plaques were evaluated per coronary segment.
ccordingly, landmarks defining the coronary segments were
sed to indicate the start and the end positions in these cases.
laques were visually classified as follows: 1) noncalcified 
laque having lower density compared with the contrast-
nhanced vessel lumen present without any calcification dis-
ernible; 2) calcified plaque plaque with predominantly high
ensity present; and 3) mixed plaque  plaque with noncalci-
ed and calcified elements present.
onventional coronary angiography. Conventional invasive
oronary angiography was performed according to standard
rotocols. Coronary angiograms were evaluated by an expe-
ienced observer blinded to all study results; the presence of
n obstructive lesion was defined as 50% luminal narrow-
ng in 2 orthogonal views.
H IVUS
ata acquisition. For each IVUS examination, a 20-MHz,
.9-F, phased-array IVUS catheter (Eagle Eye, Volcano
orp., Rancho Cordova, California) was used. After admin-
stration of intracoronary nitrates, the IVUS catheter was
ntroduced to the distal coronary artery. Using an automated
ullback device, the transducer was withdrawn at a contin-
ous speed of 0.5 mm/s up to the coronary ostium. Cine
uns before and during contrast injection were performed to
efine the starting position of the IVUS catheter. Thelectrocardiographically triggered IVUS radiofrequency sig-
als were acquired and stored for off-line analysis.
ata analysis. Off-line VH IVUS analyses were performed
sing dedicated software (pcVH 2.1, Volcano Corp.) by an
xperienced observer blinded to baseline patient characteristics.
fter automated detection, external elastic membrane and
umen borders were manually edited. The contours of the
xternal elastic membrane and the lumen-intima interface
nclosed an area defined as coronary plaque plus media area.
therosclerotic coronary plaques were characterized based on
pectral analysis of IVUS backscattered signals, as described
nd validated previously (8,12). Four tissues were differenti-
ted, including fibrotic tissue being labeled in dark green,
bro-fatty in light green, necrotic core in red, and dense
alcium in white (Fig. 1). The region of interest corresponding
o plaques observed on MSCT was defined using side branches
nd coronary ostia as landmarks. For each region of interest,
he mean value of the 4 relative compositional quantitative
laque parameters was obtained. In addition, the volume of
ense calcium in coronary segments where IVUS examination
as performed was measured in all patients. Finally, the
resence of IVUS-derived TCFA was evaluated in 3 consec-
tive frames within 10 mm of the minimum lumen area slice
f each plaque. The TCFAs were defined as lesions fulfilling
he following criteria: 1) plaque burden40%; 2) the presence
f confluent necrotic core of 10%; and 3) no evidence of an
verlying fibrous cap (Fig. 2B) (10,13).
omparison of MSCT and VH IVUS. To ensure that identical
laques were assessed by MSCT and VH IVUS, coronary ostia
nd side branches were used as landmarks and distances from
he landmarks to the target lesions were measured. The
istances were measured on multiplanar reconstructions of the
oronary arteries on MSCT. On IVUS, the corresponding
laque was identified using longitudinally reconstructed IVUS
Figure 1. Plaque Characterization by VH IVUS
(A) A traditional grayscale intravascular ultrasound (IVUS) cross-sectional
image of coronary plaque. (B) Corresponding image using virtual histology
IVUS (VH IVUS), depicting different color-coded tissues based on spectral
analysis of the radiofrequency ultrasound signals. The components are indi-
cated by dark green for ﬁbrotic tissue; light green for ﬁbro-fatty tissue;
red for necrotic core; white for dense calcium.
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179atasets (3). The transversal IVUS sections were further
nspected and the start and the finish frames of the lesions were
epicted on electrocardiographically triggered IVUS datasets
f VH IVUS analyses.
tatistical analysis. Categorical variables are expressed as
umbers (percentages) and compared between groups with
-sided chi-square test or Fisher exact test. Continuous vari-
bles are expressed as mean (standard deviation) and compared
ith 1-way analysis of variance test. In case of significant
ifferences, the differences between the samples were further
valuated using post hoc Bonferroni test. Correlation between
he Agatston calcium score and the volume of dense calcium
n VH IVUS were assessed with Pearson correlation analysis.
The p values 0.05 are considered as statistically signif-
cant. Statistical analyses were performed using SPSS soft-
are (version 12.0, SPSS Inc., Chicago, Illinois).
esults
atient characteristics. The MSCT coronary angiography
Figure 2. Example of Plaque Composition on MSCT and VH IVUS
(A) Noncalciﬁed plaque with corresponding transversal section. On VH
IVUS, plaque containing predominantly ﬁbrous and ﬁbro-fatty tissues is
demonstrated. (B) Mixed plaque with corresponding transversal section,
showing the features of thin-cap ﬁbroatheroma on VH IVUS. (C) Calciﬁed
plaque with corresponding transversal section demonstrating circular pat-
tern of calcium accumulation. The corresponding VH IVUS image conﬁrms
the circular deposition of dense calcium in the plaque. Noncalciﬁed tissue
located behind the calcium is depicted, which is not visible on the MSCT
images due to the partial volume effect of extensive calciﬁcations. MSCT 
multislice computed tomography; other abbreviation as in Figure 1.nd VH IVUS imaging were performed in 50 patients. AllSCT scans and IVUS images were of diagnostic quality, and
o patient was excluded from analysis. The baseline patient
haracteristics are provided in Table 1. Briefly, 31 patients
62%) were males, and the average age was 60  11 years.
gatston calcium score on MSCT versus calcium content on
H IVUS. The correlation between the Agatston calcium
core on MSCT and the volume of dense calcium on VH
VUS in segments in which IVUS examination was per-
ormed is presented in Figure 3. A significant correlation
as observed between the Agatston calcium score and the
olume of dense calcium on VH IVUS (r  0.69, p 
.0001). In addition, intraobserver and interobserver agree-
ent was evaluated. A good intraobserver agreement was
bserved for the quantification of calcium score per coronary
egment on MSCT (mean difference in segmental calcium
core 3.2  5.4). Similarly, a good interobserver agreement
as observed and the mean difference in segmental calcium
cores was 3.4  6.5 between both observers.
laque type on MSCT versus composition on VH IVUS. An
xample of the different plaque types as identified on
Table 1. Baseline Characteristics of the Study Population
n  50
Male gender 31 (62%)
Age (yrs) 60 11
Obesity 9 (18%)
Type 2 diabetes mellitus 10 (20%)
Hypercholesterolemia 30 (60%)
Hypertension 28 (56%)
Family history of CAD 25 (50%)
Smoking 21 (42%)
Typical angina 26 (52%)
Previous myocardial infarction 4 (8%)
Previous PCI 8 (16%)
CAD coronary artery disease; PCI percutaneous coronary intervention.
Figure 3. Correlation of Agatston Score With Volume of Dense Calcium
Correlation of the Agatston coronary calcium score (HU) on MSCT and the
volume of dense calcium (mm3) on VH IVUS in the total of those coronary
segments in which VH IVUS examination was performed. HU  Hounsﬁeld
units; other abbreviations as in Figures 1 and 2.
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180SCT and their corresponding VH IVUS images are
rovided in Figure 2. In total, 168 coronary plaques
ulfilled the predefined criteria and were included in the
nalysis. Of these lesions, 40 (24%) plaques were obstruc-
ive, whereas the remaining 128 (76%) lesions were
onobstructive (as determined on conventional invasive
oronary angiography). Based on the MSCT scans, 48
29%) plaques were classified as noncalcified, 71 (42%)
s mixed, and 49 (29%) as calcified. Thirteen (27%)
oncalcified plaques, 17 (24%) mixed plaques, and 10
20%) calcified plaques were classified as obstructive
tenoses on conventional invasive coronary angiography
p  0.7).
Results from VH IVUS are specified per plaque type in
able 2 and Figure 4. No differences were observed in lesion
Table 2. Coronary Plaque Characteristics on VH IVUS in 3 Types of
Plaques on MSCT
VH IVUS
Characteristics
Noncalcified
Plaques
(n  48)
Mixed
Plaques
(n  71)
Calcified
Plaques
(n  49) p Value
Lesion length (mm) 22.33 14.55 19.53 12.48 21.51 16.30 0.55
Fibrotic (%) 60.90 9.21 57.22 8.31 54.60 8.33 0.002
Fibro-fatty (%) 28.11 13.03 23.95 9.37 21.37 9.75 0.008
Necrotic core (%) 8.31 5.50 11.22 5.65 13.85 6.32 0.0001
Dense calcium (%) 2.68 3.01 7.61 8.94 10.18 6.71 0.0001
TCFA 6 (13%) 23 (32%) 4 (8%) 0.002
Data are presented as mean SD or n (%).
MSCTmultislice computed tomography; TCFA thin-cap fibroatheroma; VH IVUS virtual
histology intravascular ultrasound.
Figure 4. Differences in Coronary Plaque Composition on VH IVUS Between
Signiﬁcantly more ﬁbrotic and ﬁbro-fatty tissues were demonstrated in noncal
plaques contained signiﬁcantly more necrotic core tissue and dense calcium o
Figures 1 and 2.ength. Noncalcified plaques contained significantly more
brotic and fibro-fatty tissues as compared with calcified
laques (60.90  9.21% vs. 54.60  8.33%, p  0.001, and
8.11  13.03% vs. 21.37  9.75%, p  0.006, respec-
ively). Mixed and calcified plaques showed more dense
alcium on VH IVUS as compared with noncalcified
laques (7.61  8.94% vs. 2.68  3.01%, p  0.001, and
0.18 6.71% vs. 2.68 3.01%, p 0.0001, respectively).
ore necrotic core tissue was observed in mixed and
alcified plaques as compared with noncalcified plaques
11.22  5.65% vs. 8.31  5.50%, p  0.02, and 13.85 
.32% vs. 8.31  5.50%, p  0.0001, respectively).
revalence of TCFA in 3 types of plaques on MSCT. Regard-
ng the VH IVUS qualitative assessment, TCFAs were
ost frequently observed in mixed plaques as compared
ith noncalcified and calcified plaques (Table 2, Fig. 5).
wenty-three (32%) of mixed plaques fulfilled the TCFA
riteria on VH IVUS as compared with only 6 (13%) in
oncalcified and 4 (8%) in calcified plaques (p  0.002).
iscussion
he findings of the present study demonstrated a good
orrelation between plaque composition on MSCT and VH
VUS. Coronary calcium score with MSCT showed a signif-
cant correlation with dense calcium volume measurements on
H IVUS. Similarly, only a very limited amount of dense
alcium was observed in noncalcified plaques on MSCT,
hereas increasingly more dense calcium on VH IVUS was
emonstrated in mixed and calcified plaques. At the same
alcified, Mixed, and Calcified Plaques on MSCT
plaques as compared with calciﬁed plaques (A, B). Mixed and calciﬁed
VUS as compared with noncalciﬁed plaques (C, D). Abbreviations as inNonc
ciﬁed
n VH I
t
fi
p
a
c
s
o
o
a
b
M
T
h
M
C
t
s
V
c
b
M
l
h
0
w
c
a
c
9
i
c
M
o
p
d
m
s
(
w
g
n
s
p
a
t
n
c
w
2
d
l
c
c
c
p
fi
p
M
p
t
t
d
o
P
t
a
e
c
v
b
n
I
n
p
3
h
s
t
o
p
l
b
c
s
p
c
p
r
c
J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 1 , N O . 2 , 2 0 0 8
A P R I L 2 0 0 8 : 1 7 6 – 8 2
Pundziute et al.
Coronary Plaque Evaluation with MSCT and IVUS
181ime, calcified and mixed plaques contained increasingly less
brotic and fibro-fatty tissues as compared with noncalcified
laques. However, VH IVUS with superior spatial resolution
llowed a more precise evaluation of plaque composition as
ompared with MSCT. Calcified plaques on MSCT were
hown to contain a considerable amount of noncalcified tissue
n VH IVUS. Plaques deemed to be completely noncalcified
n MSCT, on the other hand, still contained some small
mount of calcium, albeit only very limited. Also, distinction
etween fibrous and fibro-fatty tissue may not be feasible using
SCT. Finally, of particular interest was the observation that
CFAs were most prevalent in mixed plaques, suggesting a
igher degree of vulnerability of these mixed plaques on
SCT.
orrelation of plaque composition between 2 techniques. In
he present study, the Agatston calcium score on MSCT
ignificantly correlated with the volume of dense calcium on
H IVUS. This observation is in line with previous studies
omparing the Agatston calcium score obtained by electron
eam computed tomography with histopathology. Indeed,
autner et al. (14) have previously demonstrated an excel-
ent correlation between calcium score and calcium area on
istologic sections of the coronary arteries (r  0.96, p 
.0001). Similarly, accurate detection of calcified plaques
as demonstrated on coronary artery scanning without
ontrast enhancement as compared with grayscale IVUS. In
study by Baumgart et al. (15), calcium on electron beam
omputed tomography was detected with a sensitivity of
7% and a specificity of 80%. Moreover, our findings
ndicate significantly more dense calcium in mixed and
alcified plaques on noninvasive coronary angiography with
SCT as compared with lesions deemed to be noncalcified
n MSCT. In line with these observations, previous com-
arative studies with grayscale IVUS demonstrated accurate
etection of plaques containing calcium on MSCT, with
ixed plaques showing a sensitivity of 94%, whereas the
Figure 5. Prevalence of TCFAs in the 3 Types of Plaques on MSCT
Thin-cap ﬁbroatheromas (TCFAs) were signiﬁcantly more prevalent in mixed
plaques as compared with noncalciﬁed and calciﬁed plaques. Other abbre-
viation as in Figure 2.ame sensitivity was demonstrated to detect calcified plaques w94% to 95%) (1,3). Similarly, MSCT plaque density values
ere higher in plaques containing calcium as detected by
rayscale IVUS and histopathology (4,16). Conversely,
oncalcified plaques on MSCT in our study contained
ignificantly more fibrotic and fibro-fatty tissues as com-
ared with calcified plaques.
However, in contrast to grayscale IVUS, VH IVUS may
llow more detailed analysis of plaque composition, including
he in vivo quantification of specific histologic components of
oncalcified plaque tissue. Noncalcified plaques in this study
ontained fibrotic, fibro-fatty, and necrotic core tissues,
hereas the superior spatial resolution of the technique (100 to
00 m) as compared with MSCT (0.4 mm) also allowed the
etection of minimal amounts of calcium. In addition, plaques
ocated in coronary segments without detectable calcium on
oronary calcium scoring contained small volumes of dense
alcium on VH IVUS (Fig. 3), highlighting the fact that minor
alcifications may be missed by MSCT. Interestingly, calcified
laques on MSCT still contained a high amount of noncalci-
ed components on VH IVUS. This could be explained by the
artial volume effect of coronary calcium that occurs during
SCT imaging. Indeed, it has been well established that the
resence of high-attenuation objects, such as dense calcifica-
ions, leads to overestimation of the lesion. As a result, adjacent
issues with lower attenuation values cannot be adequately
epicted in the presence of dense calcium, and remain unrec-
gnized (17).
revalence of TCFA in different plaque types. Previous his-
ological studies have demonstrated that lesions containing
considerable amount of necrotic core tissue without
vidence of an overlying fibrous cap (TCFA lesions) may be
onsidered as a precursor of coronary plaque rupture (18). In
ivo, TCFA may be detected by VH IVUS and have indeed
een more frequently observed in patients with acute coro-
ary syndromes as compared with those with stable CAD.
n a study by Rodriguez-Granillo et al. (10), nonculprit,
onobstructive lesions were examined by VH IVUS in 23
atients presenting with acute coronary syndromes and in
2 patients with stable CAD, demonstrating significantly
igher incidence of TCFA in patients with acute coronary
yndromes. An important finding of the present study is
hat TCFA were most frequently located in mixed plaques
n MSCT. Accordingly, one could argue that mixed
laques might resemble high-risk lesions, because these
esions were also associated with other features of vulnera-
ility on VH IVUS, such as an elevated amount of necrotic
ore tissue and less extensive calcification (18). Moreover, in
tudies comparing plaque type on MSCT between patients
resenting with acute coronary syndromes and stable CAD,
ompletely calcified plaques were less prevalent in patients
resenting with acute coronary syndromes (5–7). Finally, a
ecent study exploring potential prognostic predictors of
ardiovascular events on MSCT showed that mixed lesions
ere associated with adverse events on follow-up (19).
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182deally, features of TCFA would be determined on MSCT
irectly. Indeed, previous studies have attempted to charac-
erize features of TCFA on MSCT (3). In comparison to
rayscale IVUS, lipid core was identified on MSCT with an
ccuracy of 70% (3). Nevertheless, it is important to realize
hat the insufficient spatial resolution of MSCT precludes
xact location of lipid accumulation in the plaque as well as
isualization of the thin fibrous cap. Accordingly, direct
dentification of TCFA on MSCT is at present not feasible.
tudy limitations. Several limitations of the study should be
cknowledged. First, noninvasive and invasive examinations
ere performed within 1 month. Accordingly, minor
hanges in plaque burden and composition may have oc-
urred. Second, no validation of lesion length or distance
easurements on MSCT and IVUS was performed and
ifferences between modalities may have affected the accu-
acy of our results to a minor extent. Third, VH IVUS is a
elatively new technique. Therefore, more extensive valida-
ion in larger patient populations and with the different VH
VUS systems that are available remains to be seen, while
lso more standardized representation of VH IVUS data is
eeded. Fourth, no plaque density measurements were
erformed on MSCT as it remains uncertain whether these
easurements are reproducible. Indeed, operator depen-
ency as well as potential variations in contrast attenuation
ay highly influence measurements (20). Finally, MSCT is
till associated with a substantial radiation dose, and admin-
stration of contrast material is required.
onclusions
his study demonstrated a good correlation between quan-
ification of calcium on MSCT and VH IVUS. In addition,
laque classification on MSCT paralleled relative plaque
omposition on VH IVUS, although VH IVUS provided
ore precise plaque characterization. Mixed plaques on
SCT were associated with high-risk features on VH
VUS, which suggests that MSCT observations might be
seful for risk stratification. Further studies are needed to
onfirm the results.
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